Cholesterol rules: direct observation of the coexistence of two fluid phases in native pulmonary surfactant membranes at physiological temperatures.
Pulmonary surfactant, the lipid-protein material that stabilizes the respiratory surface of the lungs, contains approximately equimolar amounts of saturated and unsaturated phospholipid species and significant proportions of cholesterol. Such lipid composition suggests that the membranes taking part in the surfactant structures could be organized heterogeneously in the form of inplane domains, originating from particular distributions of specific proteins and lipids. Here we report novel results concerning the lateral organization of bilayer membranes made of native pulmonary surfactant where the coexistence of two distinct micrometer sized fluid phases (fluid ordered and fluid disordered-like phases) is observed at physiological temperatures by using fluorescence microscopy and atomic force microscopy. Additional experiments using fluorescent-labeled proteins SP-B and SP-C show that at physiological temperatures these hydrophobic proteins are located exclusively in the fluid disordered-like phase. Most interestingly, the microscopic coexistence of fluid phases is maintained up to 37.5 degrees C, where most fluid ordered phases melt. This observation suggests that the particular composition of this material is naturally designed to be at the "edge" of a lateral structure transition under physiological conditions, likely providing particular structural and dynamic properties for its mechanical function. The observed lateral structure in native pulmonary surfactant membranes is dramatically affected by the extraction of cholesterol, an effect not observed upon extraction of the surfactant proteins. Furthermore, the spreading properties of the native surfactant material at the air-liquid interface were also greatly affected by cholesterol extraction, suggesting a connection between the observed lateral structure and a physiologically relevant function of the material. We suggest that the particular lipid composition of surfactant could be finely tuned to provide, under physiological conditions, a structural scaffold for surfactant proteins to act at appropriate local densities and lipid composition.